12 1. Plants can adapt to changing environments by adjusting the production and 13 maintenance of diverse sets of bioactive secondary metabolites. To date, the impact 14 of past climatic conditions relative to other factors such as soil abiotic factors and 15 herbivore pressure on the evolution of plant secondary metabolites is poorly 16 understood, especially for plant roots.
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altitude flowering earlier than plants growing in colder habitats. Approximately 10-12 days after 145 flowering, seed maturation is completed and each capitulum produces several hundred seeds 146 equipped with a parachute-like structure to facilitate wind dispersal (Honek & Martinkova, 147 2005) . Using a simulation model for wind dispersal, Tackenberg, Poschlod, and Kahmen, 148 (2003) calculated that more than 99.5% of released dandelion seeds land within 10 m distance, 149 whereas 0.014% had the potential to be dispersed >1km. Pollination, on the other hand, occurs 150 mainly within a range of a few meters (Lázaro & Totland, 2010; Takakura, Matsumoto, Nishida, 151 & Nishida, 2011) . Thus, although occasional long-distance seed dispersal events occur, gene 152 flow between distant populations is likely restricted due to limitations in dispersal distances of 153 pollen and seeds.
154
Field sites and environmental data 155 From April to June 2016, we identified and characterized 63 T. officinale populations 156 across Switzerland in situ. Populations were selected based on proximity to meteorological 8 ten variables were selected from the MeteoSwiss database (Table 1) . The chosen variables 166 represent temperature, precipitation, light and air pressure conditions of the populations, which 167 are important abiotic factors affecting plant physiology and production of secondary metabolites 168 (Wallis, Huber, & Lewis, 2011; Zhou et al., 2017; Zidorn, 2010) . Data was obtained for the years 169 1996 -2015 and averaged over this period for each population. 
177
For soil analysis, soil samples were taken from each field site. We used a 'Swiss 178 Sampler' (Eric Schweizer AG, Thun, Switzerland) to take 15 soil samples of the top 15-20 cm 179 soil layer along one diagonal of the 25 m 2 square. Soil samples were then pooled and stored 180 at 4 °C after returning to the lab. Each pooled sample was then analysed for PEP (proof of 181 ecological performance) (performed by Labor für Boden-und Umweltanalytik, Eric Schweizer 182 AG, Thun, Switzerland). From this data we selected humus content and soil pH for further 9 analyses because both are important determinants of the amount and composition of available 184 nutrients for plants and thus influence plant physiology (Dubuis et al., 2013) .
185
To assess the abundance of belowground herbivores we used two approaches: first, 186 three of the 15 selected dandelion plants were excavated in the field, and the number of 187 belowground herbivores in the rhizosphere and surrounding soil core (approximately 15 x 15 x 188 15 cm) was counted and averaged per plant. Second, we categorized the field sites belonging 189 to either an area with historically high density of Melolontha melolontha or an area with no or 190 only low density of M. melolontha over the last decades (Huber, Bont, et al., 2016) . The larvae 191 of M. melolontha are one of the major native root herbivores of T. officinale and can severely 192 impair the plant (Hauss & Schütte, 1976; Huber, Bont, et al., 2016) . Due to the low mobility of 193 larvae and habitat fidelity of adults, local populations of M. melolontha remain stable over long 194 periods of time, and in a previous study we found that past M. melolontha abundance is a good 195 predictor of present M. melolontha pressure (Huber, Bont, et al., 2016) .
196

Generation of F2 plants 197
To investigate heritable variation in latex secondary metabolites, we grew plants from 198 field-collected seeds in a greenhouse for two generations. F2 plants were obtained by 199 controlled hand-pollination between F1 plants of the same population. Initially, we collected one 200 seed head from each of the 15 selected F0 mother plants per field site during the field visits. In
201
August 2016, F1 seeds were germinated in a greenhouse (22 °C day / 18 °C night; 16 h light / 202 8 h darkness) by sowing 10-15 seeds per collected seed head into a small pot (5.5 cm diameter) 203 filled with moist seedling substrate. After three weeks, three seedlings of each mother plant 204 were transplanted together as a seed family into one bigger pot (13 x 13 x 13 cm) filled with 205 potting soil (5 parts field soil, 4 parts peat, and 1 part sand). As not all seeds germinated, we 206 obtained between 6 and 15 seed families per population, with a total of 931 pots. One week 207 after transplantation, pots were put outside for growth and natural vernalisation during fall of 208 2016. In November 2016, pots were transported into a semi-controlled greenhouse 
232
After three weeks, one seedling per parent was transplanted into a pot (9 cm x 9 cm x 9 cm) 233 filled with garden soil (Selmaterra, Eric Schweizer AG, Thun, Switzerland), resulting in a total 234 of 256 pots. Pots were kept in the greenhouse in a randomized fashion until latex collection. and F0 plants was statistically significant, we used the slope of this regression as an 269 approximate estimate for narrow-sense heritability (pseudo-h 2 ) (Falconer, 1981) . We also 270 compared patterns of covariation among latex metabolites by testing for correlations between 271 the three metabolite classes within F0 plants and within F2 plants separately.
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To investigate the effects of climate, soil and belowground herbivores on the latex 273 profile of T. officinale, we applied a set of linear mixed-effects models across all populations.
274
As the climate dataset showed multicollinearity, we first applied a principal component analysis 275 (PCA) on the ten selected meteorological variables to reduce dimensionality. We scaled the variables were log-transformed to improve distribution of variance. Effect sizes were estimated 293 using restricted maximum likelihood (REML). Models were validated using 'plotresid' from the 294 package 'RVAideMemoire' (Hervé, 2018) . The significances of the fixed effects were estimated 295 by Wald chi-square tests using the function 'Anova' from the package 'car' (Fox & Weisberg, 296 2011). In order to facilitate the visualization of significant model effects, we additionally 297 performed separate linear regressions for each significant fixed factor in the lmer models.
298
Similar results were obtained with models for values of individual plants, which included 299 population as additional random factor, compared to models for mean values per population.
300
A map of all populations was created with 'ggmap' (Kahle & Wickham, 2013) , 'viridis' 301 (Garnier, 2018) and 'ggsn' (Baquero, 2017) . Results were visualized using ggplot2 (Wickham, 318 S1-S3). In the field, TA-G differed almost 19-fold ( Fig. S1a ), di-PIEs more than sevenfold ( Fig. S1b ; average calculated without one population that produced almost no TA-G), di-PIEs 323 more than threefold ( Fig. S2b ) and tri-PIEs more than 150-fold ( Fig. S3b ) among populations.
324
The mean production of latex metabolites by F2 plants was partially predicted by mean 325 concentrations in F0 plants for TA-G (R 2 = 0.12, F(1,52) = 6.07, P = 0.01, Fig 2a) and tri-PIEs (R 2 326 = 0.45, F(1,52) = 41.78, P < 0.001, Fig. 2c ). This suggests that heritable genetic variation 327 contributed to the variation in these secondary metabolites, with estimated narrow-sense 328 heritabilities (slope ± SE) of 0.39 ± 0.15 for TA-G and 0.77 ± 0.12 for tri-PIEs. For di-PIEs, no 329 statistically significant influence of the production of plants growing in natural habitats (F0) on 330 the production of plants growing under greenhouse conditions (F2) was found (Fig. 2b) .
331
Environmental plasticity contributes to variation in latex secondary metabolites
332
In order to examine covariation of latex metabolite concentrations and to assess the 
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To explore the effect of abiotic and biotic factors on the latex profile of T. officinale, we 360 characterized the environmental conditions of the 63 populations using climate, soil and 361 herbivory variables and tested for their impact on latex secondary metabolites. For soil and 362 herbivory measures we included two variables each, whereas the climatic data consisted of ten 363 in parts strongly correlated meteorological variables (Table 1) and was subjected to 364 dimensionality reduction by PCA, resulting in two climatic components (climPCA1, climPCA2). 365 climPCA1 explained 52.6% of the total variation in climatic variables, and climPCA2 explained 366 a further 23.4% of the total variation (Fig. 4a ). Loading scores indicate that climPCA1 was 367 primarily determined by variation in annual temperature (Table 1, Fig. 4a ), while climPCA2 was 368 determined by sunshine intensity and inversely correlated with precipitation (Table 1, Fig. 4a ).
369
The correlation analysis with geographical variables revealed that climPCA1 was highly 370 correlated with altitude (Pearson's r = -0.95, P ≤ 0.001, Fig. 4b ), whereas climPCA2 was 371 correlated with latitude (Pearson's r = -0.53, P ≤ 0.001, Fig. 4b ). Neither climPCA1 nor 372 climPCA2 were correlated with longitude (Pearson's r = 0.01, P = 0.96 respectively Pearson's 373 r = -0.14, P = 0.28). No correlations were found among the climate, soil and herbivory 374 18 parameters that were selected to represent the environmental conditions of the populations 375 (Table S2) (Table 2 ). The concentration of TA-G was negatively associated with climPCA2 alone (LMEM, 398 χ 2 = 8.98, P = 0.003, Fig. 5a for F0 and χ 2 = 10.03, P = 0.001, Fig. 5b for F2, Table 2 ). As 399 climPCA2 was positively correlated with annual sun intensity and negatively correlated with 400 latitude (Table 1, Fig. 4b ), this suggests that populations from the North of Switzerland 401 produced more TA-G than populations from the sun-intense regions in the South of Switzerland 402 ( Fig. 5) . Interestingly, di-PIEs were not affected by climPCA2, but negatively associated with 403 climPCA1 (LMEM, χ 2 = 6.10, P = 0.014, Fig. 5a for F0 and χ 2 = 0.11, P = 0.001, Fig. 5b for F2, 404 Table 2 ). climPCA1 was positively correlated with annual temperature and negatively correlated 405 with altitude (Table 1, Fig. 4b ), thus, plants from populations growing at high altitude in colder 406 areas produced more di-PIEs than plants from populations growing in warmer regions at lower 407 altitude (Fig. 5) . Mixed model analysis further revealed that neither soil parameters nor 408 belowground herbivore abundance were significantly linked to TA-G or di-PIE production. The 409 number of belowground herbivores per plant was weakly negatively associated with the 410 concentration of tri-PIEs for plants from natural habitats (F0) (LMEM, χ 2 = 3.91, P = 0.048,
411
Table 2, Fig. 5a ). However, a scatter plot revealed that this result was largely driven by two 412 outlier populations (Fig. 5a ). 
459
As a chemical interface between plants and their environment, some plant secondary 460 metabolites vary highly in concentration and composition with changing abiotic conditions 461 (Holopainen et al., 2018; Jakobsen & Olsen, 1994; Selmar & Kleinwächter, 2013) . Fluctuating 
467
Interestingly, despite the structural similarity of di-PIEs and tri-PIEs, we found no effect of 468 climate on tri-PIEs, which points towards distinct functions and regulations of the two groups of 469 secondary metabolites. Climatic effects on latex profiles were consistent for plants growing in 
476
Variation in plant defenses between and within species are often hypothesized to follow 477 geographical gradients, which in turn are speculated to be linked to herbivore pressure (Anstett et al., 2018; Moles et al., 2011; Pratt et al., 2014) . Both TA-G and di-PIEs have been shown to 479 be involved in herbivore defense (Agrawal et al., 2018; Bont et al., 2017; Huber, Bont, et al., 480 2016; Huber, Epping, et al., 2016) . Our results confirm a link of both metabolites with 481 geographical gradients, as the climatic variables, which influence TA-G and di-PIEs, are 482 strongly linked to altitude and latitude. We found more di-PIEs in plants from high altitudes with 483 lower temperatures, and more TA-G in plants from areas with less sun in the North of 484 Switzerland. However, as herbivore pressure varied independently of climatic variables, we 485 found no evidence for a major role of belowground herbivores in the observed genetically based 486 variation in latex secondary metabolites, contrary to our expectations. Nevertheless, we cannot 487 rule out potential hidden effects of herbivores on latex metabolites. The climatic variables used 488 in our study include 20 years of weather data at very high resolution, whereas our herbivore 489 variables either captured a single snapshot in time, or relied on rough, potentially inaccurate 490 historic estimates. Thus, the two herbivore variables may have failed to accurately represent 491 the actual herbivore abundances of the past (Huber, Bont, et al., 2016 
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506
given the different and specific associations between PIEs, TA-G and climatic conditions and 507 the inverse relationship between climate parameters, expected herbivore attack rates and 508 secondary metabolite concentrations, we consider it unlikely that the climate effects observed 509 here are the indirect result of climate-mediated herbivory alone.
510
There is growing evidence that many secondary metabolites are highly multifunctional 511 and serve defensive, ecological and physiological functions at the same time, which minimizes 512 the plant's fitness costs for biosynthesis and maintenance of metabolites (Bednarek & Osbourn, 513 2009; Neilson et al., 2013) . Maize plants, for instance, use the same benzoxazinoid secondary 514 metabolites for iron uptake, protection against generalist herbivores, and defence signalling 515 (Hu et al., 2018; B. Li et al., 2018; Maag et al., 2016) . For another important class of defensive 516 secondary metabolites, glucosinolates, it has been shown that the metabolite 3-517 hydroxypropylglucosinolate has signalling capacity and inhibits root growth and development 518 by the evolutionary old TOR (Target of Rapamycin) pathway (Malinovsky et al., 2017) . In 519 addition, recent work shows that aliphatic glucosinolates have an important role in drought 520 conditions by regulating stomatal aperture, thus providing evidence that glucosinolates are also 521 involved in abiotic stress tolerance (Salehin et al., 2019) . Our finding that TA-G and di-PIEs are 522 strongly associated to climatic conditions suggests potential alternative functions of those latex 523 secondary metabolites, and latex itself, in addition to the previous reported roles in herbivore 524 defence (Agrawal et al., 2018; Huber, Bont, et al., 2016) . Both TA-G and di-PIE concentrations 525 were correlated with each other, but each compound class was affected by distinct climate 526 variables: TA-G was mainly associated with sun and rain intensity (climPCA2), whereas di-PIEs 527 were mainly associated with temperature (climPCA1). Hence, TA-G may be involved in 528 moisture regulation or linked to physiological processes that are associated with light 529 availability, whereas di-PIEs may play a role in temperature-sensitive processes. Of course 530 26 these are highly speculative arguments based on correlational data, and manipulative 531 experiments are needed to further explore the role of latex secondary metabolites in climate-532 mediated plant physiology.
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